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1
METHOD FOR PREPARING CARBON FIBER
AND PRECURSOR FIBER FOR CARBON
FIBER

TECHNICAL FIELD

The present invention relates to a method of preparing a
carbon fiber and a precursor fiber for a carbon fiber.

BACKGROUND ART

Carbon fiber is widely used as a fiber for reinforcing a
composite material in common industries such as those per-
taining to automobiles, civil engineering and construction,
pressure vessels, windmill blades and the like in addition to
the sports and aerospace industries because it has high spe-
cific strength and specific elasticity compared to other fibers.
Therefore, there is a strong need to increase the productivity
of carbon fiber and improve the production stability of carbon
fiber.

Polyacrylonitrile (PAN)-based carbon fiber, which is the
most widely-used carbon fiber, is industrially produced by
wet-spinning, dry-spinning or wet-dry-spinning a PAN-
based polymer (precursor)-containing solution to obtain a
precursor fiber, heating the precursor fiber under an oxidative
atmosphere to convert the precursor fiber into a flame-retar-
dant fiber and then heating the flame-retardant fiber under an
inert atmosphere to carbonize the flame-retardant fiber to
eventually form the carbon fiber.

The application range of such carbon fiber is becoming
wider, and such carbon fiber is required to have high perfor-
mance.

Therefore, various methods for preparing a high-perfor-
mance carbon fiber have been actively researched. However,
since a conventional precursor fiber for preparing a carbon
fiber has a water content of about 4% or less, it is difficult to
additionally stretch the precursor fiber to improve physical
properties in a flame-retarding process, and thus it is difficult
to improve the strength of the finally-produced carbon fiber.

DISCLOSURE
Technical Problem

The present invention intends to provide a method of pre-
paring a carbon fiber, in which a precursor fiber is freely
additionally stretched or contracted in a flame-retarding pro-
cess and a carbonization process, thus preparing a high-per-
formance carbon fiber, and to a precursor fiber for preparing
the carbon fiber.

Technical Solution

An aspect of the present invention provides a method of
preparing a carbon fiber, including the steps of: preparing a
polyacrylonitrile-based polymer solution; spinning the poly-
acrylonitrile-based polymer solution to prepare a precursor
fiber for a carbon fiber, the precursor fiber having a water
content of 20~50%; converting the precursor fiber for a car-
bon fiber into a preliminary flame-retarded fiber while
stretching the precursor fiber for a carbon fiber at an elonga-
tion rate of =10~-0.1% or 0.1~5% at 180~220° C. in air;
converting the preliminary flame-retarded fiber into a flame-
retardant fiber while stretching the preliminary flame-re-
tarded fiber at an elongation rate of —=5~5% at 200~300° C. in
air; and heating the flame-retardant fiber under an inert atmo-
sphere to carbonize the flame-retardant fiber.
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Here, the step of preparing the precursor fiber for a carbon
fiber may include the step of spinning the polyacrylonitrile-
based polymer solution to form filaments and injecting the
filaments into a coagulating bath to coagulate the filaments
and then water-washing, stretching, oiling, drying and com-
pacting the coagulated filaments.

Further, in the step of converting the precursor fiber into the
preliminary flame-retarded fiber, the precursor fiber may be
stretched at an elongation rate of 0.1~5% in order to improve
the intensity characteristic of a carbon fiber.

Further, in the step of converting the preliminary flame-
retarded fiber into the flame-retardant fiber, the preliminary
flame-retarded fiber may be stretched at an elongation rate of
0~5%.

Further, in the step of carbonizing the flame-retarded fiber,
the flame-retarded fiber may be precarbonized at a tempera-
ture of 300~800° C. under an inert atmosphere, and be then
stretched and carbonized at a temperature of 1000~3000° C.
under an inert atmosphere.

Further, in the step of carbonizing the precarbonzed fiber,
the precarbonized fiber may be stretched at an elongation rate
of -5.0~5.0%, preferably 3.1~5.0%.

Inthe method, after the step of preparing the precursor fiber
for a carbon fiber, the stretching may be performed such that
a total elongation rate of a carbon fiber to the prepared pre-
cursor fiber is =10.0~10.0%, preferably, 5.1~10.0%.

Another aspect of the present invention provides a precur-
sor fiber for preparing a carbon fiber, wherein the precursor
fiber is a polyacrylonitrile-based fiber and has a water content
0f 20.0~50.0%.

Advantageous Effects

According to the method of preparing a carbon fiber of the
present invention, since a high water-content precursor fiber
for carbon fiber is used, preliminary flame-retarding can be
performed prior to flame-retarding, and the elongation rate of
carbon fiber can be increased, so that the mechanical proper-
ties of carbon fiber can be improved, with the result that
high-performance carbon fiber can be prepared.

BEST MODE

Hereinafter, the present invention will be described in
detail.

The precursor fiber for a carbon fiber includes a polyacry-
lonitrile (PAN)-based polymer. Here, the polyacrylonitrile-
based polymer is polymer including acrylonitrile as a main
component. Specifically, the polyacrylonitrile-based poly-
mer is a polymer including acrylonitrile in an amount of 85
mol % or more based on the total amount of monomers.

The polyacrylonitrile-based polymer may be obtained by
solution-polymerizing acrylonitrile (AN) monomer-contain-
ing solution using a polymerization initiator. The polyacry-
lonitrile-based polymer may also be obtained by suspension
polymerization, emulsion polymerization or the like in addi-
tion to solution polymerization.

The monomers may include monomers copolymerizable
with acrylonitrile as well as acrylonitrile. The monomers
copolymerizable with acrylonitrile serve to accelerate flame-
retardation, and examples thereof may include acrylic acid,
methacrylic acid, itaconic acid and the like.

Generally, after the polymerization of monomers, a neu-
tralization process is subsequently performed using a poly-
merization terminator. The neutralization process using the
polymerization terminator serves to prevent a spinning solu-
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tion containing the obtained polyacrylonitrile-based polymer
from rapidly coagulating at the time of spinning the solution.

Generally, ammonia may be used as the polymerization
terminator, but the present invention is not limited thereto.

Monomers including acrylonitrile as a main component are
polymerized to obtain a polymer, and then the obtained poly-
mer is neutralized using the polymerization terminator to
prepare a solution including a polyacrylonitrile-based poly-
mer which is bonded with ammonium ions in the form of a
salt.

Meanwhile, the polymerization initiator used in the poly-
merization of monomers is not particularly limited. Prefer-
ably, as the polymerization initiator, oil-soluble azo com-
pounds, water-soluble azo compounds, peroxides and the like
may be used. Among these compounds, in terms of safety,
treatability and industrial polymerization efficiency, water-
soluble azo compounds, which do not cause the generation of
oxygen inhibiting the polymerization when they are decom-
posed, may be preferably used, and, in the case of solution
polymerization, in terms of solubility, oil-soluble azo com-
pounds may be preferably used. Specific examples of the
polymerization initiators may include 2,2'-azobis(4-meth-
oxy-2,4-dimethylvaleronitrile), 2,2'-azobis(2,4'-dimeth-
ylvaleronitrile), 2,2'-azobisisobutyronitrile, and the like.

The polymerization temperature may be changed depend-
ing on the kind and amount of the polymerization initiator,
but, preferably, may be 30° C. to 90° C.

The solution including the polyacrylonitrile-based poly-
mer may have a polymer content of 10 to 25 wt %.

When this solution is used as a spinning solution for pre-
paring a precursor fiber for a carbon fiber, there are advan-
tages in that a solvent can be easily removed during a spinning
process, in that it is possible to prevent tar or impurities from
being produced during a flame-retarding process, and in that
the density of filaments can be maintained uninform.

The obtained solution including the polyacrylonitrile-
based polymer can be used as a spinning solution for prepar-
ing a precursor fiber for a carbon fiber. The precursor fiber for
a carbon fiber can be obtained by spinning this spinning
solution. The spinning solution may include an organic or
inorganic solvent together with the polyacrylonitrile-based
polymer. Examples of the organic solvent may include dim-
ethylsulfoxide, dimethylformamide, dimethylacetamide and
the like.

The spinning method may be a dry spinning method, a wet
spinning method or a dry-wet spinning method.

Here, the dry spinning method is a method of concentrating
and solidifying the spinning solution by discharging the spin-
ning solution through a spinning nozzle under a high-tem-
perature gas atmosphere and thus volatilizing a solvent. In
this method, since the winding speed becomes the volatiliza-
tion speed of the solvent, there is a problem in that the length
of a closed spinning chamber increases as the winding speed
increases.

Further, the wet spinning method is a method of discharg-
ing the spinning solution in a coagulating bath through a
spinning nozzle. In this method, since the spinning solution
swells three times or more and coagulates immediately after
the spinning solution is discharged through the spinning
nozzle, spinning draft does not greatly increase even when the
winding speed increases. However, in this method, a substan-
tial draft rate rapidly increases, so that the yarn may be sev-
ered, with the result that it is difficult to set the winding speed
high.

Further, in the dry-wet spinning method, the spinning solu-
tion is discharged in the air (air gap), surface-crystallized and
then coagulated in a coagulating bath, so that the rapid
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increase in a draft rate may be substantially compensated by
the solution discharged in the air gap, with the result that
high-speed spinning can be performed.

In addition, a melting spinning method and other com-
monly known spinning methods may be used.

Preferably, the spinning solution is discharged through a
spinning nozzle by a wet spinning method or a dry-wet spin-
ning method, and the discharged spinning solution is intro-
duced into a coagulating bath to coagulate fibers.

The coagulation rate or stretching method can be suitably
determined depending on the use of refractory fiber or carbon
fiber.

The coagulating bath may be filled with a coagulation
accelerator in addition to a solvent such as dimethylsulfoxide,
dimethylformamide, dimethylacetamide or the like. As the
coagulation accelerator, a solvent, which does not dissolve a
polyacrylonitrile-based polymer and is used in the spinning
solution, may be used. An example of the coagulation accel-
erator may be water.

The temperature of the coagulating bath and the amount of
the coagulation accelerator may be suitably determined
depending on the use of refractory fiber or carbon fiber.

The precursor fiber for a carbon fiber may be prepared by
the steps of injecting the spun polyacrylonitrile-based poly-
mer solution into a coagulating bath to form and coagulate
filaments and then water-washing, stretching, oiling, drying
and compacting the coagulated filaments. In this case, the
filaments may be coagulated and then directly stretched in a
stretching bath without water-washing the filaments, or may
also be coagulated, water-washed and then additionally
stretched in a stretching bath. Further, in order to prepare a
strong precursor fiber for a carbon fiber, after an oil solution
is added to the filaments, the filaments may be multi-axially
stretched at low power or may be stretched by high-tempera-
ture steam at high power.

The oil solution is added to the filaments in order to prevent
single fibers from adhering to each other. Preferably, the oil
solution may be a silicon oil solution. The silicon oil solution
may be a modified silicon solution, more preferably, a reticu-
lar modified silicon solution having high heat resistance.

The precursor fiber for a carbon fiber, obtained in this way,
may have a single fiber fineness of 0.01~3.0 dtex, preferably,
0.05~1.8 dtex, and more preferably 0.8~1.5 dtex. When the
single fiber fineness of the precursor fiber is excessively
small, a carbon fiber yarn may be severed by the contact with
aroller or guide, so that the process of fabricating yarn and the
process of calcining carbon fiber cannot be accurately per-
formed repeatedly in the same manner. Further, when the
single fiber fineness thereof is excessively large, the differ-
ence in structure between the inner and outer layers of each
single fiber after flame-retardation increases, the subsequent
carbonization process cannot be easily performed, and the
tensile strength and tensile elastic modulus of the obtained
carbon fiber decreases. That is, when the single fiber fineness
thereof deviates from the range, the plasticity efficiency of the
carbon fiber may deteriorate rapidly. In the present invention,
the term “single fiber fineness (dtex)” is defined as the weight
(g) per 10000 m of single fiber.

The crystal orientation of the precursor fiber for a carbon
fiber according to the present invention may be 85% or more,
preferably, 90% or more. When the crystal orientation thereof
is less than 85%, the strength of the obtained precursor fiber
may become low.

In particular, it is preferred that the precursor fiber for a
carbon fiber according to the present invention have a water
content of 20~50%. The water content of the precursor fiber
for a carbon fiber may be controlled by any one of the steps of
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injecting the spun polyacrylonitrile-based polymer solution
into a coagulating bath to coagulate filaments and then water-
washing, stretching, oiling, drying and compacting (heat-
treating) the coagulated filaments. Preferably, the water con-
tent of the precursor fiber for a carbon fiber may be controlled
by controlling the heat treatment temperature in the process
of drying and heat treatment after the final crystal orientation
of the precursor fiber reaches 85% or more, or may be con-
trolled by controlling the concentration and amount of the oil
solution used to improve the processability of the carbon fiber
precursor in the process of carbonizing the carbon fiber pre-
Cursor.

Generally, the water content of the carbon fiber precursor
may be maintained about 4% at a level of process water
content. In this case, the strength and elongation rate of the
carbon fiber precursor can be improved by drying and com-
pacting the carbon fiber precursor in the process and then
finally stretching and the drying the carbon fiber precursor.

However, the present invention is based on the fact that the
mechanical properties of carbon fiber are more effectively
improved by improving the elongation and relaxation char-
acteristics in the carbonization process more than by improv-
ing the physical properties of the carbon fiber precursor.
Therefore, when the carbon fiber precursor is prepared, the
carbon fiber precursor may be heat-treated at a temperature of
100~180° C. rapidly or only the surface of the carbon fiber
precursor may be lightly heat-treated using a far-infrared
heater. Because of characteristics of the process, when the
water content of the carbon fiber precursor is less than 20%,
the water content thereof can be improved by adding a low-
concentration oil solution to the carbon fiber precursor after
final drying.

When the water content of the precursor fiber for carbon
fiber is controlled in a range 0f 20~50%, the stretchability and
contractibility of the precursor fiber can be increased in the
flame-retarding and carbonization processes. Further, in
order to greatly increase the strength of carbon fiber by
improving the mechanical properties of the carbon fiber, it is
preferable to improve the stretchability of the precursor fiber.

Generally, the precursor fiber for carbon fiber is obtained,
and then a flame-retarding process is performed, and simul-
taneously a stretching process may be performed. When the
obtained water content of the precursor fiber is about 4%, the
elongation rate of the finally-obtained carbon fiber is at most
-10~5%, which is low. Further, the stretching process may be
performed even in the carbonization process after the flame-
retarding process, and, in this case, the elongation rate of the
carbon fiber is at most —=3~3% (which is further lower) based
on that of the precursor fiber in the prior step. Consequently,
the carbonization condition of a general carbon fiber precur-
sor gives priority to the process stabilization attributable to
contraction rather than to the improvement of mechanical
properties attributable to stretching.

However, when a precursor fiber for carbon fiber having a
water content of 20~50% is used, the precursor fiber can be
additionally stretched under the condition of high tempera-
ture and high orientation because water serves as a plasticizer
in the flame-retarding process.

When the elongation rate is increased in the flame-retar-
dation and carbonization processes, ultimately, the mechani-
cal properties of carbon fiber can be improved.

Thus, according to an embodiment of the present inven-
tion, a carbon fiber precursor having high water content is
used. Preferably, a carbon fiber precursor having a water
content of 20~50% may be used. When the water content of
the carbon fiber precursor is excessively high, a difference in
the degree of oxidation is caused between the surface and
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inside of the carbon fiber precursor during the flame-retarding
and carbonization processes, so that a sheath-core effect is
created or the carbon fiber precursor becomes hollow. Fur-
ther, owing to this condition, the peroxidation of the carbon
fiber precursor takes place, so that the strength of the carbon
fiber is substantially decreased or the process cannot be easily
performed. Therefore, it is preferred that the water content of
the carbon fiber precursor be 50% or less.

Specifically, a process of preparing a carbon fiber using a
carbon fiber precursor having high water content and includ-
ing a polyacrylonitrile-based polymer in the form of a salt will
be described.

In the process of preparing a carbon fiber using a carbon
fiber precursor having high water content, this process being
accompanied by general flame-retardation treatment. How-
ever, in this case, high-temperature heat treatment is imme-
diately and rapidly performed at 200~300° C., so that the
carbon fiber precursor rapidly contracts, and simultaneously
the weak yarn in the carbon fiber precursor bundle is severed,
and the tension of the carbon fiber precursor in oxidation
treatment becomes nonuniform, with the result that it is dif-
ficult to control process stability, and a part of the carbon fiber
precursor may be rapidly burned because of the rapid heat
treatment. Particularly, since the contraction force of the car-
bon fiber precursor is exhibited to the highest degree at a
temperature range of 200~240° C., it is required to pay atten-
tion to process stabilization. Considering such a problem, in
the present invention, preliminary flame-retardation may be
carried out. In this case, it is preferred that the temperature in
the flame-retardation be higher than the temperature in the
preliminary flame-retardation.

Here, the preliminary flame-retardation treatment is per-
formed so that the carbon fiber precursor having a high water
content of 20~50% is preliminarily flame-retarded at a tem-
perature range of 180~220° C. while being stretched at an
elongation rate of —=10~-0.1% or 0.1~5%, considering that
the carbon fiber precursor is contracted to a maximum elon-
gation rate of 5%. That is, since the shock caused by the
contraction of the carbon fiber precursor can be relaxed at this
temperature range before the carbon fiber precursor is intro-
duced into a flame-retardation furnace, both the effect of
process stabilization and the effect of improvement of physi-
cal properties can be accomplished.

Inthe present invention, the temperature in the preliminary
flame-retardation treatment is determined depending on the
contraction rate of carbon fiber and the plasticity of moisture.
Therefore, if the temperature in the preliminary flame-retar-
dation treatment is lower than 180° C., there is a problem in
that the carbon fiber precursor is insufficiently compacted,
and, if the temperature therein is higher than 220° C., there is
a problem in that water rapidly volatilizes, thus rapidly dete-
riorating the stretchability of the carbon fiber precursor.

Further, in the preliminary flame-retardation treatment,
when the elongation rate of the carbon fiber precursor is more
than 5%, there is a problem in that the carbon fiber precursor
is excessively hardened, and thus a part of the carbon fiber
precursor is severed, thereby causing the firing in the flame-
retardation process. Therefore, it is preferred that the maxi-
mum elongation rate be 5% or less, and that the elongation
rate be 0.1~5% in terms of the improvement of strength.

Subsequently, the carbon fiber precursor preliminarily
flame-retarded in this way is stretched and simultaneously
flame-retarded at a temperature of 200~300° C.

In this case, the elongation rate of the flame-retarded car-
bon fiber precursor to the preliminarily flame-retarded carbon
fiber precursor may be —5~5%. Here, a carbon fiber precursor
having a high water content is preliminarily flame-retarded
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and then flame-retarded to be imparted with high strength.
Therefore, the elongation rate of the flame-retarded carbon
fiber precursor is higher than that of the carbon fiber precursor
obtained by general flame-retardation.

That is, in order to prepare a carbon fiber having high
strength, it is preferred that the elongation rate of the flame-
retarded carbon fiber precursor to the preliminarily flame-
retarded carbon fiber precursor be 0~5%. It is more preferred
that the elongation rate thereof be 0~0.1%.

Subsequently, the flame-retarded carbon fiber precursor is
stretched and simultaneously precarbonized at a temperature
0t 300~800° C. under an inert gas atmosphere according to
the purpose, and then further stretched and simultaneously
carbonized at a high temperature of 1000~3000° C. under an
inert gas atmosphere according to the purpose to prepare a
carbon fiber.

The precarbonization or carbonization of the flame-re-
tarded carbon fiber precursor is performed under an inert gas
atmosphere. Examples of the gas used in the inert gas atmo-
sphere may include nitrogen, argon, xenon and the like. The
temperature in the carbonization of the flame-retarded carbon
fiber precursor may be set to 1000~3000° C. Generally, as the
temperature in the carbonization thereof increases, the tensile
elastic modulus of the obtained carbon fiber increases, but the
tensile strength thereof is the highest at 1300~1500° C.
Therefore, in order to increase both the tensile strength and
the tensile elastic modulus of the carbon fiber, the maximum
temperature in the carbonization thereof may be 1200~1700°
C., preferably, 1300~1500° C.

Further, considering that carbon fiber is used to manufac-
ture an aircraft, it is important to reduce the weight of carbon
fiber, and, in terms of increasing the tensile elastic modulus of
carbon fiber, it is preferred that the maximum temperature in
the carbonization of the carbon fiber precursor be
1700~2300° C. As the maximum temperature in the carbon-
ization thereof increases, the tensile elastic modulus of car-
bon fiber increases, but the carbon fiber may be graphitized.
Owing to the graphitization of the carbon fiber, the carbon
face of the carbon fiber can be easily buckled by the growth
and lamination thereof, with the result that the compression
strength of carbon fiber may decrease. Therefore, the tem-
perature in the carbonization process is determined in con-
sideration of the balance between the tensile elastic modulus
and the compression strength of carbon fiber.

Meanwhile, after the oxidation stabilization, the elonga-
tion rate of the carbon fiber precursor in the carbonization
may be —10.0~5.0%, preferably —5.0~5.0%, and preferably
3.1~5.0%. The reason why the elongation rate can be
increased at the time of carbonization is that the carbon fiber
precursor having high water content has undergone prelimi-
nary retardation and flame-retardation processes.

As described above, when the carbon fiber which has been
prepared by preliminarily flame-retarding, flame-retarding
and then carbonizing a carbon fiber precursor having high
water content is stretched such that the elongation rate of the
carbon fiber to the carbon fiber precursor is —10~10%, pref-
erably, 5.1~10.0%, this is preferable in terms of the improve-
ment of mechanical properties of the carbon fiber and the
improvement of process stability.

The obtained carbon fiber can be electrolyzed in order to
reform the surface thereof. As the electrolyte solution used in
the electrolyzation of the carbon fiber, acid solutions, such as
sulfuric acid, nitric acid, hydrochloric acid and the like, and
alkali aqueous solutions, such as sodium hydroxide, potas-
sium hydroxide, tetracthylammonium hydroxide, ammo-
nium carbonate, ammonium bicarbonate and salts thereof,
may be used. Here, the amount of electricity used to electro-
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lyze the carbon fiber may be suitably selected depending on
the degree of carbonization of the carbon fiber to be applied.

In the fiber-reinforced composite material obtained by the
electrolyzation of the carbon fiber, the adhesion between the
fiber-reinforced composite material and the carbon fiber
matrix can be optimized, so that the problem of the composite
material becoming brittle due to very strong adhesion or the
problem of the strength characteristics of the composite mate-
rial in a nonfibrous direction not being exhibited because the
adhesion between the composite material and resin becomes
poor although the tensile strength of the composite material in
a fibrous direction can be overcome. Therefore, in the
obtained fiber-reinforced composite material, the strength
characteristic thereof is uniformly exhibited in both the
fibrous direction and nonfibrous direction.

After the electrolyzation of the carbon fiber, the electro-
lyzed carbon fiber may be sized. The sizing agent used to size
the electrolyzed carbon fiber may be suitably selected from
sizing agents compatible with resins according to the kind of
resin that is used.

The carbon fiber of the present invention, which is a
prepreg, can be used to manufacture aircraft members, pres-
sure container members, automobile members and sports
equipment such as fishing rods, golf clubs and the like using
various forming methods such as autoclave molding, resin
transfer molding, filament winding and the like.

MODE FOR INVENTION

Hereinafter, the present invention will be described in more
detail with reference to the following Examples, but the scope
of the present invention is not limited to these Examples.

EXAMPLES 1 TO 4

95 mol % of acrylonitrile, 3 mol % of methacrylic acid and
2 mol % of itaconic acid were polymerized by solution poly-
merization using dimethylsulfoxide as a solvent, and then
ammonia was added thereto in an amount equivalent to that of
the itaconic acid to neutralize the reaction product to prepare
a polyacrylontrile-based copolymer in the form of an ammo-
nium salt, thereby obtaining a spinning solution including 22
wt % of the polyacrylontrile-based copolymer.

The spinning solution was discharged through two spin-
ning nozzles (each having a temperature of 45° C., a diameter
01'0.08 mm and 6000 holes), and was then introduced into a
coagulating bath maintained at 45° C. and filled with an
aqueous solution including 40% of dimethylsulfoxide to pre-
pare a coagulated yarn.

The coagulated yarn was water-washed and then stretched
five times in hot water, and then a reticular modified silicon oil
solution was added thereto to obtain an intermediate drawn
yarn.

This intermediate drawn yarn was dried using a hot roller,
and was then stretched in pressurized steam to obtain a poly-
acrylonitrile-based fiber bundle having a total elongation rate
01’10, a single fiber fineness of 1.5 dtex and a filament number
ot 12000. The obtained polyacrylonitrile-based fiber bundle
is referred to as a precursor fiber for a carbon fiber.

In this case, after stretching the intermediate drawn yarn in
pressurized steam, in the process of heat-treating the
stretched intermediate drawn yarn, the heat treatment tem-
perature was controlled at 80~120° C., thus obtaining precur-
sor fibers having different water contents. In this case, the
water content can be obtained by converting the amount of the
spinning solution discharged through the spinning nozzle into
the fineness of wound precursor fibers and the winding speed
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of the precursor fibers, and can be analyzed as follows using
GC-MASS (Varian 4000 GC-MS).

GC-MASS Analysis

Instrument: Varian 4000 GC-MS

Stationary Phase: VF-5 ms (30 mx0.25 mmx0.25 um)

Mobile Phase: He, 1.0 ml/min

Temperature Programming: From 80° C., 2 min to 280° C.,
8 min (@20 C/min)

Injection: 0.4 ul, Split-20:1, 250° C.

Detection: EI mode (28-500 m/z scan)

Each of the obtained polyacrylonitrile-based fiber bundles
was preliminarily flame-retarded (accompanied by stretch-
ing) at a winding speed of 4 m/min at 200° C. for 6 minutes
under an air atmosphere without twisting, and was then
flame-retarded (accompanied by stretching) in a 4-stage hot
air oven having a temperature range of 220~270° C. for 80
minutes.

Subsequently, the flame-retarded polyacrylonitrile-based
fiber bundle was precarbonized at 400~700° C. under an inert
atmosphere to remove off-gas, and then finally carbonized
(accompanied by stretching) at 1350° C. to prepare a carbon
fiber having improved strength.

In Examples 1 to 4, at the time of the preliminary flame-
retardation, flame-retardation and carbonization, elongation
rates were different from each other as given in Table 1 below.
In this case, it will be understood that the elongation rate in
each process is based on the difference in processing rates
before and after each process.

EXAMPLE 5

A carbon fiber was prepared using a precursor fiber having
the same water content as that of the precursor fiber of
Example 1, except that the elongation rate of the precursor
fiber was set to 1.5% during the flame-retardation thereof.

EXAMPLE 6

A carbon fiber was prepared using a precursor fiber having
the same water content as that of the precursor fiber of
Example 1, except that the elongation rate of the precursor
fiber was set to —2.5% during the flame-retardation thereof, an
that the elongation rate thereof was set to 0.5% during the
carbonization thereof.

REFERENCE EXAMPLE 1

A carbon fiber was prepared using a precursor fiber having
the same water content as that of the precursor fiber of
Example 1, except that the flame-retardation of the precursor
fiber was performed at 220~270° C. for 80 minutes under an
air atmosphere (accompanied by stretching the precursor
fiber at an elongation rate of 1.5%) without carrying out the
preliminary flame-retardation of the precursor fiber.

Subsequently, the flame-retarded precursor fiber was pre-
carbonized at 400~700° C. under an inert atmosphere, and
then finally carbonized at 1350° C. (accompanied by stretch-
ing the precursor fiber at an elongation rate of 1.5%).

In this case, there is a disadvantage in that the oxidation
stabilization and carbonization processes of the precursor
fiber are not stable in terms of processability because the
precursor fiber for a carbon fiber is partially severed. Particu-
larly, there is a disadvantage in that the partially-severed
precursor fiber deteriorates the strength of a carbon fiber, and
causes the carbon fiber to be severed because it remains as a
wrap in the process.
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COMPARATIVE EXAMPLE 1

95 mol % of acrylonitrile, 3 mol % of methacrylic acid and
2 mol % of itaconic acid were polymerized by solution poly-
merization using dimethylsulfoxide as a solvent, and then
ammonia was added thereto in an amount equivalent to that of
itaconic acid to neutralize the reaction product to prepare a
polyacrylontrile-based copolymer in the form of an ammo-
nium salt, thereby obtaining a spinning solution including 22
wt % of the polyacrylontrile-based copolymer.

The spinning solution was discharged through two spin-
ning nozzles (each having a temperature of 45° C., a diameter
01'0.08 mm and 6000 holes), and was then introduced into a
coagulating bath maintained at 45° C. and filled with an
aqueous solution including 40% of dimethylsulfoxide to pre-
pare a coagulated yarn.

The coagulated yarn was water-washed and then stretched
four times in hot water, and then a reticular modified silicon
oil solution was added thereto to obtain a drawn yarn.

This drawn yarn was dried using a hot roller of 150° C., and
was then stretched in pressurized steam to obtain a polyacry-
lonitrile-based fiber bundle having a total elongation rate of
10, a single fiber fineness of 1.5 dtex and a filament number of
12000. The polyacrylonitrile-based fiber bundle was heat-
treated at 135° C. by a hot air dryer to obtain a precursor fiber
for a carbon fiber.

The water content of the obtained precursor fiber for a
carbon fiber, measured in the same manner as in Example 1,
was 4.5%.

The obtained polyacrylonitrile-based fiber bundle was
flame-retarded at a winding speed of 4 m/min in a 4-stage hot
air oven having a temperature range of 220~270° C. for 80
minutes under an air atmosphere (accompanied by stretching
the polyacrylonitrile-based fiber bundle at an elongation rate
of 2.5%) without twisting the polyacrylonitrile-based fiber
bundle.

Subsequently, the flame-retarded polyacrylonitrile-based
fiber bundle was precarbonized at 400~700° C. under an inert
atmosphere, and then finally carbonized at 1350° C. (accom-
panied by stretching the polyacrylonitrile-based fiber bundle
at an elongation rate of —1.5%) to prepare a carbon fiber.

TABLE 1
Water Elongation
content of rate (%)
precursor _ Elongation rate (%) in each process of final
fiber for  Preliminary carbon fiber
carbon flame- Flame- Carbon-  to precursor
fiber retardation retardation  ization fiber
Exp. 1 25 2.5 2.0 1.5 6.1
Exp. 2 30 1.0 1.0 0.5 2.5
Exp. 3 35 -1.5 -1.0 -0.5 -3.0
Exp. 4 40 2.0 2.5 35 8.2
Exp. 5 25 1.5 2 1.5 5.1
Exp. 6 25 -2.5 2 0.5 -0.05
Ref 25 — 1.5 1.5 3.0
Exp. 1
Comp. 4.5 — 2.5 -1.5 1.0
Exp. 1
(Remark)

elongation rate (%) in each process is based on each fiber in prior step.

The strengths of the carbon fibers obtained in Examples 1
to 6, Reference Example 1 and Comparative Example 1 were
evaluated by the following method, and the results thereofare
given in Table 2 below.
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(1) Method of Evaluating the Strength of Carbon Fiber

The physical properties of carbon fibers were evaluated by
fabricating strand evaluation equipment, impregnating car-
bon fibers with an epoxy resin and then straightly stretching
the carbon fiber bundle based on JIS R760 with reference to
Japanese Unexamined Patent Application Publication No.
2003-161681. Here, the distance between carbon fibers was
100 mm, the measuring speed was 60 mm/min, and the evalu-
ation was performed 10 times.

TABLE 2
Strand strength (MPa)
Exp. 1 4600
Exp. 2 4410
Exp. 3 3500
Exp. 4 4730
Exp. 5 4480
Exp. 6 3960
Ref. Exp. 1 4070
Comp. Exp. 1 2900

The invention claimed is:
1. A method of preparing a carbon fiber, comprising the
steps of:
preparing a polyacrylonitrile-based polymer solution;
spinning the polyacrylonitrile-based polymer solution to
prepare a precursor fiber for a carbon fiber, the precursor
fiber having a water content of 20-50%;
converting the precursor fiber for a carbon fiber into a
preliminary flame-retarded fiber while stretching the
precursor fiber for a carbon fiber at an elongation rate of
-10~-0.1% or 0.1~5% at 180~220° C. in air;
converting the preliminary flame-retarded fiber into a
flame-retardant fiber while stretching the preliminary
flame-retarded fiber at an elongation rate of -5~5% at
200~300° C. in air; and
heating the flame-retardant fiber under an inert atmosphere
to carbonize the flame-retardant fiber.
2. The method of preparing a carbon fiber according to
claim 1, wherein the step of preparing the precursor fiber for
a carbon fiber comprises the step of spinning the polyacry-
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lonitrile-based polymer solution to form filaments and inject-
ing the filaments into a coagulating bath to coagulate the
filaments and then water-washing, stretching, oiling, drying
and compacting the coagulated filaments.

3. The method of preparing a carbon fiber according to
claim 1, wherein, in the step of converting the precursor fiber
into the preliminary flame-retarded fiber, the precursor fiber
is stretched at an elongation rate of 0.1~5%.

4. The method of preparing a carbon fiber according to
claim 1, wherein, in the step of converting the preliminary
flame-retarded fiber into the flame-retardant fiber, the pre-
liminary flame-retarded fiber is stretched at an elongation rate
of 0~5%.

5. The method of preparing a carbon fiber according to
claim 1, wherein, in the step of carbonizing the flame-re-
tarded fiber, the flame-retarded fiber is precarbonized at a
temperature of 300~800° C. under an inert atmosphere, and is
then stretched and carbonized at a temperature of
1000~3000° C. under an inert atmosphere.

6. The method of preparing a carbon fiber according to
claim 5, wherein, in the step of carbonizing the flame-re-
tarded fiber, the flame-retarded fiber is stretched at an elon-
gation rate of -5.0~5.0%.

7. The method of preparing a carbon fiber according to
claim 6, wherein, in the step of carbonizing the flame-re-
tarded fiber, the flame-retarded fiber is stretched at an elon-
gation rate of 3.1~5.0%.

8. The method of preparing a carbon fiber according to
claim 1, wherein, after the step of preparing the precursor
fiber for a carbon fiber, the stretching is performed such that
atotal elongation rate of the carbon fiber to the precursor fiber
is =10.0~10.0%.

9. The method of preparing a carbon fiber according to
claim 1, wherein, after the step of preparing the precursor
fiber for a carbon fiber, the stretching is performed such that
atotal elongation rate of the carbon fiber to the precursor fiber
is 5.1~10.0%.



